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Yield Tests and Land Valuation' 
By 
WILLIAM G. MURRAY,2 A. J. ·ENGLEHORN,' 
a nd R. A . GRIFFIN' 
OUTLINE OF PROBLEM AND METHOD 
Valuation of farm land depends, in the main, on farm 
income, which in turn depends on crop yields and farm 
prices. Crop yields, to go back still another step, rest large-
ly on soil and climate. Consequently, a careful measurement 
of soil productivity, as determined by crop yields, is a 
fundamental aspect of farm valuation. 
Measurement of soil productivity in terms of yield dif-
ferences has been hampered by the influence of manage-
ment. Two farms of equal quality may produce unequal 
yields, not because of soil differences but because of mana-
gerial differences. In order to measure soil variation some 
method of controlling the management variable has to be 
followed. One method is to obtain a group of representa-
tive, randomized yield samples, tlie mean of which will rep-
resent average or typical management. Another solution, the 
one followed for the most part in this study, is to take yield 
samples of various soil conditions within an individual field, 
thus holding management constant. 
The method followed consisted of selecting fields in 
which more than one soil condition existed. In these fields, 
however, it was necessary that the same kind of seed be 
sown over the entire field and, in general, that the field be 
cultivated and otherwise handled in a uniform manner. 
With these requirements fulfilled, variations in yield 
among different soil coditions were considered as the re-
sult, not of management, but of productivity characteristics 
of the soil. 
In this study it was necessary to make a finer division 
of soil than by type. Wide variations in depth of surface 
1 Project 530, Iowa Agricultural Experiment Station. This study was conducted by 
the followin g organizations: The Ru ral Socia l Science and Agronomy Sections of 
t he Iowa Agricultural Experiment Station, the Land Use Division of the Farm 
Security Administration, and the Farm Credit Administ ration . In the preparation 
of this report the authors wish to acknowledge the assistance of R . W . Simonson 
of the Agronomy Section . 
2 Rural Social Science Section, Iowa Agricultural Experi~n~nt Station. 
3 Agronomy Section, Iowa Agricullural Experiment Station. 
4 FOl'me1"ly of the Farm Cl'cdit Administration . 
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soil ar.d slove within some soil types dictated this step. As 
a consequence, not only were yield samples taken by soil 
types, but also for numerous depths and slopes on the same 
soil type. The basic unit, termed soil condition in this report, 
is, therefore, any area of a soil type that is uniform in depth 
of surface soil and slope. 
In summary, the general thesis of this inquiry is that 
by the collection of actual yield data according to depth, 
slope and soil type a better foundation will be provided for 
land use and land appraisal. In time, as more of these fac-
tual yield data on individual farms are obtained the guess 
work in land valuation should be reduced correspondingly. 
SUMMARY OF RESULTS 
Field work on this project started with the taking of 
corn samples in Tama County during the fall of 1936. In 
1937 the experiment was expanded by taking corn samples 
in Story County and by gathering both corn and oat samples 
in Tama County. 
In Tama County 218 corn samples were obtained from 
96 fields in 1936; in 1937 a total of 299 corn samples were 
taken from 89 fields, and 70 oat samples were taken from 
27 fields. In Story County 191 corn samples were gathered 
from 25 fields in 1937. These samples were taken from both 
tenant and owner operated farms in the two counties. Only 
corn and oat crops were sampled. 
A definite and unmistakeable tendency for yields to ini-
crease with depth of surface soil up to 8 to 10 inches can be 
observed in the yield records in Tama County for 1936 and 
in both Tama and Story counties in 1937. For depths over 
10 inches there is apparently no clearly defined relationship 
between depth and yield. 
Slope is not nearly as closely associated with crop yield 
as depth. This was borne out by instances of high yields on 
slopes of 10 to 12 percent with as much as 8 inches of surface 
soil. Previous cropping practice and management account 
in a large measure for the amount of top soil that has been 
lost on a slope. As a rule, however, the steeper the slope the 
smaller the amount of surface soil. Consequently, although 
slope, in general, is a determinant of depth through erosion, 
depth rather than slope is the immediate factor responsible 
for yield variations. 
Yield differences between soil types of approximately 
the same depth were statistically significant but were not 
as great as the yield differences between depths of 0 to 8 
inches within the Tama silt loam soil type. This was es-
pecially marked in Tama County where a good comparison 
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is available from corn records for both 1936 and 1937. In 
1936, for example, corn yield on Tama silt loam varied from 
27 bushels per acre on 0-2 inch soil to 53 bushels on the 
same soil type but with a depth over 12 inches. On the other 
hand, the yields for five different soil types ' over 12 inches 
in depth varied only from 44 to 53 bushels. All yields, it 
should be emphasized, are for perfect stands, from 10 to 
15 percent above harvested yields as reported by the 
farmers. 
In a correlation test of data from three soil types with 
varying depths in Tama County in 1937, slope and depth, 
and depth alone, were compared with yield. In the multiple 
correlation of slope and depth with yield the resulting "R" 
was almost identical with the "r" in the simple correlation 
of depth with yield. From this the tentative conclusion is 
that depth is the more important factor to measure in ra-
ting soil productivity. 
In a comparison of yields obtained in this study and 
general productivity ratings for the same soil types, close 
agreement was found in most instances. Yield ratings, with 
the most common soil type rated as 100 percent, have an 
advantage, however, over the general productivity ratings 
because yield ratings are expressed in percentages which 
indicate directly the producing ability of the soil in yields 
whereas the productivity ratings, as now used, represent an 
arbitrary division into 10 classes from 1 to 10 with no defi-
nite yields attaching to the numbers. 
The results presented in this study should be consider-
ed as tentative because they cover, at the most, only 2 
years and were obtained from only two different soil areas 
of the state. Records for additional years must be obtained 
and other areas must be sampled before ratings can be pre-
pared for the use of appraisers and others who can use this 
material along with county soil survey reports. From this 
study, however, it is apparent even now that increasing at-
tention should be paid to depth of surface soil as a determin-
ant of crop yield. Furthermore, it is hoped that this report 
will prove helpful to other research workers in this field 
and lead to an expansion of this or similar types of investi-
gation. 
YIELD TESTS AND LAND VALUATION 
In the valuation of farm land the most important and 
probably the most difficult task is an evaluation of the an-
nual production of the soil. In this evaluation two steps are 
5 The five soil t ypes are T a ma, Muscatine, W aukesha , W abash and W abash-
Judson silt loam s. The W abash-Judson is a com plex formerly called colluvia l phase 
W abash . 
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required, first an estimate of physical yield, and second a 
choice of the price to apply to the physical product. In this 
study, we are concerned solely with the first step-esti-
mation of yield. 
Chief among the difficulties in estimating yields is the 
absence of a satisfactory method of checking such estimates 
as are made. If for a certain farm one appraiser estimates 
the soil capable of producing an average of 40 bushels of 
corn to the acre with average management and another ap-
praiser says 35 bushels under the same conditions, the ques-
tion immediately ar ises as to which appraiser is more near-
ly correct. This difference of 5 bushels in the average yield 
of corn may mean a substantial difference in the acre value 
of the farm. To throw light on issues of this kind as well as 
on questions involving yield comparisons between farms, 
objective data on yields are needed. Accordingly, an experi-
ment was set up to collect objective data of this type that 
could be used in testing the reliability of yield estimates. 
This bulletin describes and reports the method and results 
of this experiment. 
Striking proof of the need for more reliable yield esti-
mates in valuation can be seen in the concentration of farm 
mortgage foreclosures during the depression. In numerous 
independent studies,· similar conclusions have been reached, 
namely, that foreclosures have been more frequent on low 
value land than on high value land. Furthermore, the ex-
planation in every case is that low value land has been over-
appraised in comparison with the better land. One of the 
best means of correcting this bias appears to be more 
emphasis on the difference in the productivity of high and 
low value soil. As a result of this emphasis it is hoped that 
those responsible for valuations will achieve greater ac-
curacy in determining the spread in value between land of 
varying quality. 
Another indication of over-valuation of less valuable 
land is furnished by studies of land assessment for tax pur-
poses. Results of research in this field point conclusively to 
6 Results obtained in a number of these studies are contained in the following 
bulletins: 
Hill. F. F. An analysis of the loanin g operations of the Federal Land Bank of 
Springfield from its organization in March, 1917. to May 31. 1929. N. Y. Agr. Exp. 
Sta .• BuL 549. 1932. 
Johnson, E. C. Farm mortgage foreclosures in Minnesota. Minn. Agr. Exp. Sta .. 
Bul. 293. 1932. 
Kohlmeyer. J. B.; Van Hoy. John W . and Kessler. Sherman O. The school fund 
mortgage loan situation in Indiana with special reference to land use in Martin 
County. Purdue Univ. Agr. Exp. Sta .• BuL 422. 1937. 
Mereness. E. H . Farm mortgage Joan experience in southeast Alabama. Ala. 
Ag r. Exp. 8ta .• BuL 242. 1935. 
Murray. W. G. and Bittin g', H. Vt. Corporate~owned land in Iowa. 1937. Iowa 
Agr. Exp. Sta .. Bu\. 362. In37. 
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the common error of over-assessing the low quality land.? 
In improving the accuracy of yield estimates between 
high and low value land, soil and climate are the major de-
termining forces to be studied. Climate, however, can be 
considered as constant because yield differences will be 
taken within areas in which climatic variation is too small 
to be effective. Management, a potent factor in yield deter-
mination, will also be held constant in a manner described 
later in detail. This leaves soil as the principal object of in-
vestigation. 
A large amount of information on soil and its effect 
on yield is available; in fact, an extensive literature has 
been accumulating through the years. Chief among the 
works in this field are the county soil surveys depicting the 
differentiation of soil types within a county, usually on a 
scale of 1 inch to the mile, but more recently in some in-
stances, on a larger scale, such as 4 inches to the mile.s 
Although classification of soils by series and types, as 
provided by county soil survey reports, is distinctly helpful 
to the land appraiser, this grouping does not answer the 
yield question directly. Soils have been divided into series 
and types by soil scientists principally on the basis of struc-
ture, texture, color and parent material of the soil profile. 
In some instances these factors are important determinants 
of productivity, in others they are not. For example, slight 
variations in depth of surface soil of a given soil type may 
be more important as a yield factor than those character-
istics which determine it as a type. In brief, soils have been 
and are being classified according to factors which are not 
necessarily productivity determinants. Therefore, we have 
7 A large number of investigations have been made of inequality of assessment. 
A selection of reports from different parts of the country follows: 
Aull. G. H. and Riley, Ernest. Some inequalities in the assessment of farm real 
estate in South Carolina. S. C. Agr. Exp. Sta., Bu!. 313. 1938. 
Englund, Eric. AsseSS111ent and equali zation of farm and city real estate in 
Kansas. Kan. Agr. Exp. Sta., Bu!. 232. 1924 . 
Hammar, C. H. 'The accuracy and flexibility of rural real estate assessment in 
Missouri. Mo. Agr. Exp. Sta., Res. Bu!. 169. 1932. 
Hinman, Eleanor H. Sales value and assessed value of Nebraska farm land: 
1921-1934. Nebr. Agr. Exp. Sta., Res. Bu!. 77. 1935. 
Hudson, S. C. Taxation in rural Ontario. Dom. of Can., Dept. of Agr., Pub. 489. 
Tech. Bu!. 4. 1936. 
Ne!son, R. W. and Mitchell. G. W. Assessment of real estate in Iowa and other 
midwestern states. Iowa Studies in Business, No. 10. State University of Iowa. 
1931. 
Renne, R. R. and Lord, H. H. Assessment of Montana farm lands. Mont. Agr. 
Exp. Sta. , Bu!. 348. 1937. 
Underwood. F. L. An analysis of farm real estate assessments in 28 Virginia 
counties, 1930. Va. Agr. Exp. Sta., Bu!. 303. 1936. 
Westbrook, R. B. and Strand, N. V. Inequalities arising from the assessment of 
farm real estate in South Dakota. S. D. Agr. Exp. Sta .. Bu!. 300. 1936. 
8 For a discussion of the methods followed in mapping soil and the preparation 
of the county soil survey maps see Kellogg, C. E. Soil survey manua!. U. S. Dept. 
Agl·. , Misc. Pub. 274. ]937. 
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no right to expect soil type classes to coincide in every case 
with productivity classes; nor should we be critical of soil 
studies when in certain instances productivity varies widely 
within a soil type area. 
An effort has been made by the soil scientist, however, 
to br idge the gap between soil types and productivity. This 
has resulted in the development of what is known as the 
soil productivity rating. Fostered by the Soil Survey Di-
vision of the United States Department of Agriculture, the 
idea has taken hold in many states. And as a result many 
state agricultural experiment stations have published ra-
tings for soils in their respective states. 9 Of importance as 
variations from the typical method are the ratings devised 
by Stor ie in California, 10 the land classification system of 
Kellogg developed in North Dakota 11 the productivity 
classification of orchard soils by Sweet in New York state 12 
and the land classification study of Nevada Township, Story 
County, Iowa, by Englehorn.13 
A maj or difficulty has been encountered in Iowa in ap-
plying productivity ratings to soils on individual farms. In 
the main, productivity ratings represent the average pro-
duction of a soil type, not what may be expected from a soil 
type on a given farm. As is often the case, the range in the 
productivity of a soil type may be large, in fact, may be 
greater than that between the averages of certain types. 
This is especially true where depth of surface soil differs 
within a soil type. Also, of course, the effect on yields of 
management and previous cropping practice have to be con-
sidered in applying productivity ratings to individual farms . 
Another disadvantage of productivity ratings is that 
9 Anderson, Arthur; Nelson, A. P.; Hayes, F. A. and Wood, 1. D . A proposed 
method for classifying and evaluating soi s on the basis of productivity and use 
sui talJilites. Neb. Agr. Exp. Sea., Res. Bul. 98. 1938. 
Bartholomew, R . P. and YOU1ge, O. R. Helative productivity of soils in Arkansas. 
Ark. Agr. Exp. SLa., Bul. 365. 1938. 
Brown, P. E. Soils of Iowa. Iowa Agr. Exp. Sta., Spec. Rept. No . 3: 211-252. 1936. 
Bruce, O. C. and Metzger. J. E. The soils of MarYland. Productivity classification . 
Md. Agr. E xp. Sta., Bul. 35 1. 1933. 
Conrey. Paschall and Burrage. A key to the soils of Ohio. Ohio Agr. Exp. Sta., 
Spec. Circ. 44. Revised 1937. 
I-Iowe. F. B. Classification and agricultural value of New York soils. N. Y. Agr. 
Exp. Sta., Bul. 293. 1935. 
Williams. C. B,; Cobb, W. B. and Mann. H. B. AgriC'u'tuI'nl c1asc;ification and 
evaluations of North Carolina soi ls. N. C. Agr. Exp. Sta., Bul. 2S3. 1934. 
10 Storie, R. E. An index for rating the agricultural value of soils. Calif. Agr. 
Exp. Sta., Bul. 556 . 1 93~ . 
¥leir, W. W. and Storie, R. E. A rating of California soils. Calif. Agr. E xp. 
Sta., Bu l. 599. 193H 
11 Kellogg, C. E. and Ableiter, J. K. A method of rural land classification. U. S. 
Dept. A.o:r., Tech. Bul. 469. 1930 
12 Sweet. A. T. Soils of Orleans County. New York, in their relation to orchard 
planting . N. Y. Agr. Exp. Sta .. Bul. 637. 193E. 
13 Eng-lehorn, A. J. I ~nd clas~ificat iol1 as a hasis for land apl1rai~al and equali-
7.aiion of tax assessments. Resettlement Administration, Land Use Planning Pub. No. 
8. 1936. 
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they are based, in most instances, on subjective estimates of 
soils men rather than on objective data obtained from field 
tests. This weakness can be accounted ror by lack of time; 
it takes years to complete field tests satisfactorily, whereas 
there has been an insistent demand by appraisers and others 
for immediate productivity classification of soils. 
Thus far most of the work on productivity ratings has 
been deductive, that is, relative ratings have been deduced 
from general knowledge of soil types and their behavior. In 
formulating judgments on the average value of a soil type, 
these general ratings can be used satisfactorily; but in esti-
mating the production of a soil type on an individual rarm, 
they are not nearly so satisractory because of depth and 
slope variation, and also because of differences in manage-
ment and previous cropping practice. 
It is at this point that the specific objective of the pre-
sent study makes itself apparent. This objective is to de-
velop a method of soil yield rating that can be used, as a 
supplement to the general productivity ratings, to measure 
the production of soils on individual farms. 14 In the method 
proposed, the approach throughout is inductive; from field 
samples, yield data are obtained which show the relative 
yielding ability not only of different soil types, but also of 
different depth and slope conditions within the same soil 
type. 
T AMA COUNTY EXPERIMENT 
PROCEDURE 
Corn yield samples were obtained in Tama County in 
the fall of 1936 and both corn and oat yield samples in the 
same county in 1937. Tama County was selected as the first 
county to study because of the wide variation existing in 
slope and depth of surface soil, and also because a detailed 
soil survey was in progress in this county (see fig. 1). In 
this particular soil survey, carried out jointly by the Soil 
Conservation Service and the Bureau of Chemistry and 
Soils of the U. S. Department of Agriculture and the Iowa 
14 Numerous references can be cited in German appraisal literature of the appli-
cation of general productivity ratings to individual farm valuation. In a book by Dr. 
B. Sag-awe entitled, "Grund 7.u~e del' abschatzung slehre," published in Berlin in 1934. 
an extensive list 'of crop yields by kinds of soil under diITerent climatic conditions 
is given. These yields are averages taken from bookkeeping records turned in for 
individual farms. In the Berichte Uber Landwirtschaft, Zehntes SonderheIt, 1928, 
is an excellent example of an appraisal described in detail, showing the method 
used in rating the soils on the crop land, meadows and pasture. This article written 
by Dr. W. Rothke.o:el and Dr. H. Herzog is entitled, "Das verfahren de,. reichs-
finanzverwaltw1f4 bei del' bewertung lanrlwirtschaftlicher betriehe." It represents 
the procedure followed by the government appraisal office in valuing farms. Another 
article in the Berichte by Dr. H. Herzog includes a discussion of surface soil depth 
as it affects land value; this appears on pages 36-38 in Sonderheft 63, 1932, under 
the title. "Die bewertung del' minel'::llischen ackerboden deutschlands ." 
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~ Missouri Loess. Area § Wi'!>consin Drif t 
o Mis'5is!lippi Loess Area tm lowdn Drift Ared 
_ 50u-ther n Iowa Loess Area 
Fig. 1. Map showing the locat ion of Tama and StO l'Y counties in their respective 
soil areas. 
Agricultural Experiment Station, all mapping is on a scale 
of 4 inches to the mile. Furthermore, standard aerial photo-
graphs are being used in making the base map. Although 
soil types are being shown as in past surveys, important ad-
ditions include percentage of slope, depth of surface soil 
and present land use. 
In planning this yield experiment it was recognized that 
since management has considerable influence on yields, an 
effort should be made to control this factor. To keep the 
management variable out of the results fields of uniform 
treatment were selected which had more than one soil type 
or soil condition present. In order to make sure of uniform 
management, a field was not included unless previous crop 
history was the same in recent years and unless seed plant-
ed and time and method of cultivation were the same for the 
entire field. In fact, the object was to hold constant within 
a field all important measurable factors except soil and topo-
graphy, the factors to be measured. In consequence, any dif-
ferences in yield obtained in the same field could be attri-
buted to soil and topography rather than to management, 
seed, cultivation methods, climate and the like. 
Figure 2 shows the map of a farm with a variety of 
soil conditiollP and management practices. Fielo A on this 
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Fig 2. Map of a farm showing soil conditions and location of samples. 
EROSION 
+-Colluvial 
I-Virgin 
2-0 to 25% top soil removed 
3-25 to 50 % top soil removed 
33-50 to 75% top soil removed 
4-0ver 75% top soil removed 
5-All of top soil removed 
7-0ccasional gullies 
8-Frequent gullies 
9-Very frequent gullies, land not 
suited for tilled crops 
SLOPE 
A-O to 8% 
B-3 to 8% 
BB-8 to 12% 
0-12 to 16% 
D-over 16% 
SOIL TYPES 
6-Tama silt loam 
13-Carrington loam 
9-Wabash-Judson silt loam 
29-Wabash silt loam 
farm, located close to the buildings, has been well manured 
while field B, farther from the buildings, has had practically 
no manure and, in addition, has been heavily cropped. 
Samples were taken as indicated. In field B, upper right on 
15 Jo\\':\ YcarlJoo!\: ot J\g'l'ICUHure ItJ.)lI, 1'. 'H'~. 
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the map, six different soil conditions were identified and 
sampled. Although six conditions were present, only four 
different soil types were mapped; the other conditions were 
represented by three variations in slope and depth within 
the same soil type, Tama silt loam. 
The size of the corn sample is important because if not 
large enough it will not average out the normal differences 
between hills and if too large it will cut down on the number 
of samples that can be taken with a given amount of time 
and money. In 1936 each sample was made up of 10 sub-
samples, and each of these in turn was made up of 10 hills. 
Thus, the sample in 1936 totaled 100 hills of corn. The 10 
subsamples were selected by stratifying the area to be 
sampled in such a way that the subsamples were representa-
tive of the area as a whole. In practice this was done by 
merely adjusting the space betwe·en each of the 10 sub-
samples so that a representative area was included. After 
the results in 1936 were tabulated, 10 subsamples appeared 
to be more than adequate. Consequently, in 1937 the num-
ber was reduced to 5, or a total of 50 hills of corn for each 
sample. 
Since the purpose of this study was to determine the 
effect of soil on yield, the stand factor, that is, percent:lge of 
missing hills presented a problem. When a missing hill ap-
pears in a subs ample what should be done? Should this miss-
ing hill be counted as one of the 10 or should another hill 
with stalks be added in its place? Because missing hills are, 
in the main,a result of factors other than soil, it was decided 
to substitute competitive hills with stalks for any hills that 
might be missing. 
Another similar question related to stand was ihe in-
fluence of competition. Corn plants, it is well known, will 
yield more if competition is removed. Thus a hill of corn 
next to a missing hill will have an advantage over other hills 
with competition on all sides. The best solution to this 
problem, it was decided, would be to harvest only competi-
tive hills of corn, hills surrounded at right angles by four 
hills with stalks. This plan was followed. 
Before taking any samples in a given field the soil types 
and conditions in this field were mapped. Then within each 
of these type or condition areas at least one sample made up 
of 5 or 10 subsamples was taken. The depth of surface soil 
and the percentage of slope were checked at each subsample 
location. which meant a check on each 10 hills, in order to 
measure any changes in depth and slope within the sample. 
These readings were taken before the corn was weighed to 
avoid personal bias. 
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Oat samples were more of a problem than corn samples 
because of the difficulty in stratifying the area to be sampl-
ed and because of the additional labor involved in harves-
ting. Oats, however, are more uniform in growth than corn, 
and the number of subsamples required is not so large. In 
this experiment, three subsamples, each representing 
1/ 1742.4 part of an acre, were taken in each area tested. 
The weather in 1936 was unfavorable for crops, while 
the weather was unusually favorable in 1937. The 1936 sea-
son in Tama County was abnormally dry. Although the 
drouth did not take as heavy a toll in this area as in the 
southern and western parts of the state, yields in Tama 
County were severely reduced; the county average corn yield 
was only 28 bushels to the acre compared to the 1925-34 
average of 43 bushels." In 1937 moisture and temperature 
conditions in Tama County were ideal for corn and oats, and 
high yields in both resulted. The average corn yield for the 
county was estimated by the Iowa office of the U. S. Depart-
ment of Agriculture at 54 bushels to the acre. 
In obtaining yield samples an effort was made to include 
a variety of soil conditions. In every field selected, more than 
one soil condition existed, otherwise the field was not taken 
because it would not provide a comparison under constant 
management practice. In addition to this, fields were sought 
which represented a good cross section of farming in the 
county. In keeping with these general provisions, a large 
number of farms, both tenant and owner-operated, were in-
cluded from practically all parts of the county. A summary 
statement giving the number of farms, fields and samples 
for the Tama County area for 1936 and 1937 is presented in 
table 1. On each farm an average of two fields of corn and 
one field of oats was selected. Within each field from two to 
three samples were taken on the average, the number in each 
instance depending on the variety of soil conditions in the 
field. 
A majority of the yield samples were taken on Tama silt 
loam, the most extensive soil type in the county. Fayette silt 
loam was not sampled extensively in 1936. Other important 
types for which samples were obtained are Carrington loam 
and silt loam, Muscatine, Wabash and Waukesha silt loams. 
Although several other soils were included, the small num-
ber of samples obtained precluded any conclusions being 
drawn from them. 
An idea of the wide variation in depth existing within 
soil types is gained by a study of the second part of table 1. 
Here the number of samples taken for different surface soil 
15 Tow" Yearb ook of A~I'i cul tu 1"e 1934, p. 459 . 
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TABLE 1. NUMBER OF FARMS, FIELDS, SAMPLES 1936, 1937, 
TAMA COUNTY 
Corn Corn Oats 
1936 1937 1937 
Total number of: farms 44 35 20 
A. 
B. 
fields 1\6 89 27 
samples· 218 299 70 
Number of samples' by soil type: 
Tama silt loam 146 162 32 
Fayette silt loam 6 42 17 
Carrington loam 8 21 2 
Carrington silt loam 2 12 4 
Muscatine silt loam 10 14 3 
Waukesha silt loam 5 13 1 
Wabash silt loam 18 21 6 
Wabash-Judson silt loam 11 10 1 
Miscellaneous minor types 12 4 4 
Total 218 299 70 
Number of Tama silt loam samples 
by depth of surface soil"'t. 
Inches 
0- 2 4 7 0 
3- 4 8 10 2 
5- 6 30 19 7 
7- 8 39 33 11 
9-10 23 19 4 
11-12 12 25 4 
13- 14 9 14 1 
Over 14 2 5 1 
Total··· 127 132 30 
• A sample of corn equals 5 or 10 subsampies, each containing 10 hills. 
·"'Other types oecur tOQ infreQuently to classify by de11th of sur face soil. 
••• All samples of same depth in same field have been averaged together to form 
a single sample in this classification. 
depths of Tama silt loam is listed. Although the most com-
mon depth was 7 to 8 inches, the range extended from 0 to 
over 12 inches with at least four or more corn samples in 
ever.Y 2-inch grouping.'· 
For our purposes differences in depth of surface soil 
will be considered in the same classification with differences 
in soil types. For example, 4-inch and 6-inch Tama silt loam 
will be considered as two separate and distinct soil con-
16 A question may well be raised to the possibility of measuring the depth 
of the surface soil to intervals as small as 2 inches, particularly in the region of 
the Prairie soils where transitions from one horizon to another within a given pro-
file are not abrupt but very g radual. It is r ecognb.:ed that su ch measurements cannot 
be precise, but it is necessary that the measurements be stated in definite figures so 
as to allow statistical hand .ing of the data. Depth of surface soil reported as 6 inches 
will therefore mean that actual measurements will faU at or near 6 inches, fluctu-
ating from one side to the other of that value. 
When the depth of the surface soil in a profile is less than that of the furrow 
slice, that surface soil will be periodically mixed with some subsoil at each plowing. 
Any measurements of depth of surface soils must then re even less exact, but several 
different conditions can be distinguished. If the A horizon is entirely absent, subsoil 
will be exposed directly at the surface and such a condition can be recorded as 0" 
of surface soil present. If the plowed layer seems to be a mixture of a small quantity 
of surface soil and a larger amount of subsoil, that condition is represented as 2" of 
surface soil present. If t he appearance of the furrow slice indirates that a small 
quantity of sursoil has been mixed with the surface layer, the condition is designated 
as 4" of surface sol} prese-.,t. Dp.nths of surface soil greater than 4" are large 
enough so that the furrow slice will commonly be within that layer of the soil. 
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ditions, just as Wabash silt loam and Muscatine silt loam 
are considered as distinct. In effect, differences in depth will 
be treated as a variable along with differences in type. In 
the measurement of samples, therefore, the object will be to 
determine whether yields differ between depths of the same 
soil type as well as between soil types. 
TAMA COUNTY RESULTS 
The results for corn in 1936 and for corn and oats in 
1937 indicated that yields vary not only between types but 
also, and even more important, between depths of the same 
soil type. All this is contained in table 2 'Y.hi~.h gives the 
summary results. Corn yields ' increased from 31 to 53 
bushels per acre on the Tama silt loam in 1936 as the sur-
face soil increased from 0 to 12 inches in depth. ' An even 
more impressive correlation of yield and depth was obtained 
in 1937 both on corn and oats. In corn the yields in 1937 in-
creased from 47 to 88 bushels as the depth of topsoil in-
creased. In this case as in all others, yields represent a per-
fect stand which is approximately 10 to 20 percent. higher 
than yields harvested by the farmers. 17 This difference is 
largely accounted for by missing hills and grain left in the 
field. 
While yields varied widely within the Tama silt loam, 
depending on depth, a comparison of yields for five soil 
types at constant depth showed some variation but not near-
ly as much as in the Tama with varying depths. The five 
soil types compared were Tama, Muscatine, Waukesha, Wa-
bash and Wabash-Judson silt loams. All types were over 12 
inches in depth and all had a silt loam texture. In 1936 the 
corn yield varied from 44 to 55 and in 1937 from 88 to 97 
bushels per acre. In both years the Wabash-Judson was the 
soil with the highest corn yield. As for the oats, such a small 
number of samples was obtained ' that comparisons were 
not made. 
Slight value can be attached to the Fayette and Carring-
ton samples for 1936 because of the small number of 
samples. And in 1937, although the number of samples was 
17 Each farmer was aSKed to est imate at the end of the season the corn yield of the 
fields samp led. Reports on 35 fields in 1936 indicated t hat t he perfect stand samples 
were 6.9 bushels or 17 percent higher than the yield harvested by the farmers. For 
t he 45 fields repol·ted in 1937. ' t he perfect stand samples were 7.8 bushels or 11 per-
cent hi g her than harvested yield s. The large difIerence in percentage between 1936 
and 1937 is due to the difference in average y ield in t he 2 years, the farmers re-
pOl·ting a n average of 40 .7 bushels in 1936 and 74 bushels t he fo llowing year. Some 
variation can be expected in th is relationship between samples and harvested yields 
because the sam ples of soil conditions were not taken to get a fie ld average . To get 
a field av erage the smnple y ields wou ld have to be weighted by the acres of each 
soil condition in a given field. 
66 
TABLE 2. AVERAGE YIELDS ACCORDING TO SOIL TYPE AND 
DEPTH 1936-1937. MANAGEMENT VARIATION INCLUDED.' 
(Pe"fect st nd y'elds) . a I 
Depth of 1936 \.Jorn 1937 Corn 1937 Oats 
Soil type surface No. of Av. No. of Av. No. of Av. 
soil samples yield samples yield samples yield 
(Inches) 
Tama silt loam·. 0-2 4 31 7 47 0 -
3-4 8 28 10 69 2 52 
5-6 30 39 19 77 7 61 
7-8 39 45 33 82 11 70 
9-10 23 50 19 88 4 72 
11-12 12 50 25 82 4 70 
over 12 11 53 19 88 2 64 
-- --- -- --- --
---
--
Muscatine silt loam over 12 10 51 11 89 3 72 
Waukesha silt loam over 12 5 44 13 89 - -
Wabash silt loam over 12 18 49 20 91 5 70 
Wabash-Judson silt loam over 12 11 55 9 97 - -
--- --- -------
--- --
Fayette silt loam 0- 12 6 37 35 
I 
63 12 40 
Carrington loam 0- 16 8 24 18 68 
-
-
Carrington silt loam 4- 16 2 22 12 77 5 43 
·Corn samples are based on 5- 10 hill subsamples. Oat samples are an average of 
. three subsamples of 1/ 1742.4 acres each. 
"Represents the only soil type with sufficient samples by different depths to show 
. elassification. 
greatly increased, the wide range of depths included make 
comparisons of doubtful value. 
INDIVIDUAL FIELD COMPARISONS 
Depth of surface soil, particularly from 0 to 10 inches, 
appears to have a pronounced effect on corn yield_ Such is 
the conclusion suggested by the summary results in table 2 
and warranted by the evidence presented in table 3. In table 
3 comparisons within the same field are brought together so 
as to keep the management factor constant. To make this 
clear a 2 and 4-inch Tama silt loam comparison can be fol-
lowed in table 3 '8 . According to the table this combination 
of 2 and 4-inch Tama was identified and sampled in the same 
field in five different instances. In all five fields the 4-inch 
soil out yielded the 2-inch, the range being from 18 to 27 
bushels, or an average of 22 bushels. Taking another ex-
ample, we find seven fields with 4 and 6-inch soil compari-
sons were sampled with a range from a minus 4 to a plus 39 
bushels or an average of 9.3 bushels in favor of the 6-inch 
soil. 
Most of the comparisons up to the 8-inch level, that is, 
in the upper half of the table, are significant. In the lower 
half of the table, however, not so many comparisons are 
significant. After a depth of 8 inches is reached the impor-
tance of top soil depth as a determinant of corn yield fades 
18 In Table 3 Fayette silt loam was included with the Tama silt loam in making 
depth comparisons. This wa. done because of the close similarity between these 2 soil 
types. In the analysis all comparisons were made within a soil type. that is. a com-
parison of two and four inch T a m a or of two and four inch Fayette. in no case was 
a t\\'o inch depth of one type compared with a foUl' inch depth of the other soil type. 
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out. The explanation of this is obviously that on this soil 
type the corn plant needs around 8 to 10 inches of top soil 
to produce a maximum yield; more surface soil may give a 
larger yield but not much larger, while less than this depth 
seems to seriously decrease the yield. Stated in another 
way, surface soil in this instance is a critical factor in de-
termining corn yield when it is less than 8 to 10 inches in 
depth. 
Several inconsistencies will be noted in table 3. In the 
4 and 6-inch, and in the 6 and 12-inch comparisons the dif-
ferences were not statistically significant, while in the 6 
and 8-inch comparisons the results were significant but not 
highly significant. Two conditions can be cited to account 
for these results. In the first place, in these two comparisons 
the number of samples obtained was not large. In the second 
place, the range of differences recorded was extremely wide. 
For example, in the 4 and 6-inch comparison, in the field at 
one extreme a difference of 39 bushels in favor of the 6-inch 
soil was obtained whereas in the field at the other extreme 
a 4-bushel yield in favor of the 4-inch soil was obtained. Be-
fore coming to more definite conclusions regarding cases of 
this kind, we should have a larger number of samples. 
CORRELATION OF DEPTH AND SLOPE WITH YIELD 
Is slope as important as depth in determination· of corn 
yield? Some light can be thrown on this question because a 
record was obtained of slope as well as depth for each 
TABLE 3. SIGNIFICANCE OF THE MEAN OF DIFFERENCES IN CORN YIELD 
FOR PAIRED SOIL DEPTHS WITHIN EACH OF 79 FIELDS, 
TAMA COUNTY, 1937. 
(Tama silt loam and Fayette silt loam) 
Soil Range of Standard devi- Mean of yield 
depths Number of difference ation of yield di fferences 
compared fields in yield di fferences (bushels) (bushels) (bushels) 
2 and 4 5 18 to 27 3.54 22.0" 
2 and 6 10 12 to 47 11.95 26.7" 
2 and 8 6 17 to 41 7.92 27.7" 
2 and 10 5 26 to 65 17.25 16.0" 
4 and 6 7 -4 to 39 14.00 9.3 
4 and 8 6 10 to 32 8.19 21.0" 
4 and 10 5 25 to 57 11.93 37.4" 
6 and 8 17 -12" to 20 9.11 5.9' 
6 and 10 9 o to 34 10.20 17.9" 
6 and 12 4 -8 to 27 14.53 11 .5 
8 and 10 10 1 to 25 8.00 9.2" 
8 and 12 11 -8 to 31 12.50 10.2 ' 
8 and 14 6 -1 to 33 13.78 17.5' 
10 and 12 7 -21 to 10 8.14 0.43 
10 and 14 3 S to 16 7.21 7.7 
12 and 14 9 -9 to 15 7.78 2.9 
• Significant difference . 
•• Highly .ignificant difference. 
For explanation of "significance" see Snedecor, G. W. "Statistical Methods" 
Col1egiate Press, Ames, Iowa. 
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TABLE 4. MULTIPLE REGRESSION OJ<' CORN YIELDS ON SLOPE (PERCENT) 
AND DEPTH OF SURFACE SOIL, TAMA COUNTY, 1936, 1937. 
Item 
Number of samples 
Means 
Slope (%) 
Depth (inches) 
Yield (Bujac) 
Simple correlHtion (r) 
Slope and yield 
Depth and yield 
Slope and depth 
Multiple regression 
Yield on slope 
(Betas) 
Yield on depth 
Multiple correlation 
"R" 
*Significant. 
**Highly significant. 
t Heavy subsoil phase. 
Tama 
1936 
143 
6.5 
8.3 
43.0 
-0.354" 
+0.472" 
-0.614" 
-0.1038 
+0.4085" 
0.479" 
Type of soil 
silt loam Fayette Fayette silt loamt silt loam 
1937 1937 1937 
162 24 18 
5.5 9.3 10.8 
9.2 4.5 7.0 
80.5 49.2 77.2 
-0.240" -0.545" -0.169 
+0.430" +0.747" +0.706" 
-0.684" -0.685" -0.500' 
+0.1025 -0.0626 +0.246 
+0.5001" +0.7042" +0.829" 
0.436" 0.752" 0.737" 
sample. The results of a correlation of slope with yield and 
also with depth for 1936 and 1937 appear in table 4. Three 
different soil conditions were used, Tama silt loam in both 
years, and two conditions of Fayette silt loam in 1937 only. 
In the simple correlations, depth and yield gave the higher 
correlation coefficient for all three soil types. But the cor-
relation in the case of the Tama was much lower than of the 
Fayette. The reason is undoubtedly the greater average 
depth of the Tama; 8.3 inches in 1936 and 9.2 inches in 1937 
as compared to 4.5 inches and 7.0 inches for Fayette. _As 
pointed out earlier, depths above 10 inches do not have much 
effect on yield; consequently much of the variation in Tama 
yields above 10 inches was due to factors other than depth. 
Slope in itself in the area studied is evidently not an 
important index of yield. '9 In the simple correlations, al-
though the results are significant in two cases, the relation-
ships are not nearly as close as with depth and yield. At the 
same time, it must not be overlooked that slope is correlated 
negatively with depth. All of this merely confirms the ob-
servations made in the field that in general the greater the 
slope the less surface soil and the lower the yield; but, and 
this is important, in several instances, particularly where 
pasture of long standing has been recently plowed, slopes 
above 8 percent often have more top soil and give higher 
yields than would be expected from them. In brief, previous 
cropping practice is likely to determine largely the amount 
of surface soil remaining on slopes, especially on those a-
19 Of 347 s amples with slope readings, 28 w er e recorded as level, 140 with a slope 
average of 3 percent. 124 with an average of 8 percent, 42 with an average of 13 
lJCl"cen t and 13 wit h s lopes over ] 5 percen t. 
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bove 8 percent. From this it follows that the depth of sur-
face soil remaining on the slope appears to be more impor-
tant as the immediate causal factor than the percentage of 
slope as a determinant of present yield. Of course, future 
yield is another matter, a matter which is closely related to 
slope because slope is a determinant of erosion hazard. If we 
are estimating future yields we would be directly concerned 
with slope because of its effect on depth. 
Finally, depth measurements alone indicate practically 
as much as depth and slope jointly in estimating yield. In 
the multiple correlations using both depth and slope as ex-
planations of yield, the results were for all three soil types 
almost identical with the simple correlations of depth and 
yield. Again, however, it must be pointed out that these re-
sults are tentative, additional years and other areas must 
be included before definite conclusions are justified. 
STORY COUNTY EXPERIMENT 
PROCEDURE 
In the fall of 1937 a separate experiment to obtain yield 
data was started in Story County, a county located in the 
Wisconsin drift area of the state with conditions entirely 
TABLE 5. NUMBER OF FARMS, FIELDS, CORN SAMPLES AND YIELDS, 
STORY COUNTY, 1937. MANAGEMENT VARIATION INCLUDED. 
(Perfect stand yields) 
Yield in bu. per acre 
Depth of Number of Shallow Deep 
topsoil samples phase phase 
0-6" 7" + 
l'Iumber of 
farms 13 
fields 25 
samples 191 
1. Webster loam 9--16 41 70 
Webster s ilty clay loam 7- 16 39 76 
Clarion loa m 0-16 73 52 67 
Clarion fine sandy loam 0- 14 29 39 64 
Dickinson fine sandy loam 11- 16 5 46 
O'Neill loam 7- 14 4 66 
Total 191 
II. Clarion loam· 0- 4 7 42 
5- 6 7 61 
7- 8 11 65 
9- 10 17 67 
11-12 16 70 
13 - 14 10 64 
Ovel' 14 5 68 
Total 73 
Ill. Clarion fine sandy loam '" 0- 4 5 25 
5- 6 4 56 
7- 8 4 58 
9- 10 6 55 
11- 12 6 55 
13- 14 4 48 
Total 29 
.These are the only important t ypes in Story County which s how a wide range 
of depth . 
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different from those in the loessial area in Tama County. 
(See fig. 1. Map of Iowa showing soil areas.) According to 
the information on soil types presented in table 5, the two 
::treas have little in common. In Tama County the majority 
of the soil samples came from Tama, Wabash and Musca-
tine silt loams, with a large number of samples from differ-
ent depths of Tama silt loam. In Story County, on the other 
hand, Webster loam and silty clay loam, Clarion loam and 
fine sandy loam are the outst.anding types. 
Although the Story County experiment was carried out 
in virtually the same manner as the one in Tama County, 
two differences should be noted. First, the personnel was 
different, the men taking the Story County samples did not 
have anything to do with the gathering of yields in Tama 
County. Second, an attempt was made in Story County to 
make the selection of the 10 hill subsamples a random se-
lection. By randomizing, every hill of corn in an area had 
an equal chance with every other hill to be included in the 
sample.2U 
STORY COUNTY RESULTS 
Results in Story County for corn in 1937, set forth in 
table 5, have been arranged in much the same form as those 
for Tama County. As in Tama County, yield differences are 
shown for differences in depth within the same soil type as 
well as for different soil types. 
The comparison between the soil types gives a wider 
variation than that obtained in Tama County. As shown in 
table 5, the six soil types varied from 46 bushels for the 
Dickinson fine sandy loam to 76 bushels per acre for the 
Webster silty clay loam. If samples below 7 inches of sur-
face soil are omitted in order to remove for the most part 
the effect of depth, the yield for the Clarion fine sandy loam 
is 54 bushels and for Clarion loam, 67 bushels. Since this 
listing puts the six types all on about the same basis as far 
as depth is concerned, the yield differences, ranging from 
20 Random selection was accomplished in the following manner. First the field to 
be sampled was mapped roug"hly according to soil type and slope. This indicated, apart 
from depth. the areas to be sampled. Next the field worker placed himself at the 
corner of one of these areas to be sampled and estimated the length and width 01 
the area in corn rows. Then taking out his watch he observed the nosition of the 
second hand in order to determine the distance to go in the first direction. If the 
width of the area was approximately 70 corn rows and the second hand pointed to 
30 he would walk across to the thirty-fifth row. On reaching this point he would 
estimate the length of the area and observe the second hand again. If the length was 
about 100 ro\\"s and the second hand pointed to 45. he would walk out 75 rows. This 
would bring him to the location of the sample. In this manner approximately every 
hill of corn had an equal opportunity of being included in the sample. In taking 
the subsample of 10 hills a square of nine hills was selected and the tenth hill taken 
arbitrarily to the north of the center hill in the nine hill square. Where miESing 
hills occurred. the same procedure was followed as in Tama County so that the 
results in both cases represent perfect stands of competing hill. of corn . 
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46 to 76, can be considered as reflecting soil type differences 
other than depth of surface soil. 
Yield differences by depth of surface soil were obtained 
for two soil types, Clarion loam and Clarion fine sandy loam. 
The Webster soils seldom occur at shallow depths because 
these soils occur on level upland areas. The lowest yield on 
the Clarion loam was registered on the area with the least 
topsoil; this was also true of the Clarion fine sandy loam 
where the low yield was obtained on the most shallow soil. 
With the highest yields the relation of depth and yield is 
not so clear. On the Clarion loam the highest yield occurred 
on the 11-12 inch area, and on the Clarion fine sandy loam 
on the 7-8 inch area. From both of these series of depth and 
yield records, however, it is evident that after a depth of 7 
to 8 inches is reached, depth no longer acts as an important 
determinant of yield. From 0 up to 8 inches, on the other 
hand, the relationship is marked. In Story, as in Tama 
County, the conclusion seems warranted that below 8 inches, 
d€pth is a critical factor in measuring corn yield. 
INDIVIDUAL FIELD COMPARISONS 
A combination of soil type and depth was used in the 
analysis of individual field comparisons in Story County in 
1937. As shown in table 6, Clarion fine sandy loam and Clar-
ion loam were each divided into two groups, one including. 
all cases with a surface soil depth from 0 to 6 inches, and 
the other of all caS2S with depth of 7 inches or over. Each 
soil type or subdivision by depth was then compared with 
all other groups occurring in the same field. 
Webster silty clay loam not only had the highest aver-
age yield, according to table 5, but also, and more impor-
tant, it consistently out yielded all other soil conditions ac-
cording to' the figures in table 6. It even out yielded Webster 
loam in 8 out of the 10 fields in which the two were sampled 
in the same field. This is unusual because the Webster loam 
is generally considered the higher yielding soil because of 
better texture and drainage. The year 1937, although nor-
mal in rainfall, was apparently favorable to the Webster sil-
ty clay loam areas. It will be interesting to see what added 
years will reveal, especially years with exc€ssive moisture. 
Webster loam, although outranked by Webster silty clay 
loam, gave higher yields than all other soil conditions. In 
the comparisons with shallow soils the margin in favor of 
the Webster loam is high, 23 and 29 bushels on the average 
in the two comparisons. Clarion loam with 7 inches or more 
of surface soil out yielded three soil conditions, two of which 
were shallow soils. Clarion fine sandy loam, (7" + ) out yielded 
only one condition, the shallow phase of the same soil type. 
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'I'ABLE 6. CORN YIELD RESULTS IN SOIL TYPE AND DEPTH COMPARISONS 
WITHIN INDIVIDUAL FIELDS. STORY COUNTY. 1937. 
(Perfect stand yields) 
Comparisons 
A. Higher yield B. Lower yield 
l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
soil soil 
Webster sil ty Clarion loam 
clay loam (7"+lt 
Webster silty Clarion loam 
c lay loam (0-6")t 
Webster sil ty Clarion fine sandy 
clay loam loam (7"+) 
Webster silty Clarion fine sandy 
clay loam loam (0-6") 
Webster silty Webster loam clay loam 
Webster loam Clarion loam 
'Vebster loam 
(7"+) 
Clarion loam 
(0-6") 
Webster loam Clarion fine sandy 
loam (7"+) 
Webster loam Clarion fine sandy 
loam (0-6") 
Clarion loam Clarion loam 
(7"+) (0-6") 
Clarion loam Clarion fine sandy 
(7"+) loam (7"+) 
Clarion loam Clarion fine sandy 
(7"+) loam (0-6") 
Clarion fine Clarion fine sandy 
sandy loam 
(7"+) 
loam (0-6") 
tDepth of surface SOIl m mches. 
·Significant difference. 
"Highly significant difference. 
No. of 
No. of times A 
fields out yields B 
14 12 
5 5 
4 4 
4 4 
10 8 
14 11 
5 5 
4 3 
4 4 
8 7 
6 4 
5 4 
6 6 
Range of Mean 
differences differences 
(bushels) (bushels) 
-11 to 30 11.4" 
7 to 38 23.8" 
2 to 16 8.8 
12 to 31 1~.5" 
-10 to 13 5.1' 
-13 to 24 5.7' 
3 to 39 23.2' 
-13 to 20 7.2 
17 to 41 29.2' 
o to 29 14.8" 
-7 to 30 9.3 
-2 to 42 16.2 
1 to 50 17.5 
For explanation of "significance" see Snedecor, G. W. Statistical Methods, cp. cit. 
TAMA AND STORY YIELD DATA COMPARED 
WITH PRODUCTIVITY RATINGS 
A tentative comparison can be made of the yields ob-
tained in this study with the soil productivity ratings for 
the state. Such a comparison, as set forth in table 7, is 
strictly preliminary and inserted chiefly to show the form 
and kind of results which more complete data will probably 
give. This table, however, suggests several relationships that 
may be substantiated by information from additional years. 
In the first place, though yields on the whole in Tama Coun-
ty were much higher in 1937 than in 1936, the soil types 
and conditions remained in practically the same relative 
position, Wabash-Judson silt loam yielding the most in both 
years and shallow phase Tama silt loam the least. When 
the corn yield ratings in the Tama area are set opposite the 
general productivity ratings, an unusually close correspon-
dence will be noted in the first three and last soil conditions 
and a rather wide disparity in the two Wabash soils. The 
yield evidence on Wabash soils, even though it covers only 
2 years in one county, at least suggests that the drainage 
hazard on Wabash crop land may have been over emphasized 
in the ratings. In the Story area the comparison between 
the 1937 yield rating and the productivity rating shows a 
general agreement in every case. Since there is such a large 
spread in the Webster productivity ratings, however, these 
ratings cannot be compared with the yields. 
One of the eventual advantages of yield ratings over 
productivity ratings is the definite quantitative meaning 
attached to the differences in yield. A yield rating of 75 
means a soil producing under actual conditions only 75 per-
cent as much as the soil chosen as the base. And since the 
soil chosen as a base should represent the most common soil 
in the area, this comparison should be distinctly helpful in 
evaluating soil differences. 
TABLE 7. COMPARISON OF PRELIMINARY YIELD TESTS AND 
PRODUCTIVITY RATINGS. 
(Per feet stand yields) 
Tama County Area 
1937 1936 1937 1936·1937 Iowa 
Soil type oats corn corn corn yield prod. 
bu. bu. bu. rating* rating** 
Tama silt loam-7" or over 69 47 84 100 1 
Shallow phase--D-6" 45 34 64 75 4 
Waukesha silt loam - 44 89 100 1 
Wabash silt loam 70 49 91 105 5-10 
Wabash.J udson silt loam - 55 97 115 3 
Muscatine silt loam 72 51 89 105 1 
StOry County Area 
1937 corn Iowa productivity 
Soil type Corn 1937 yield rating- rating·· 
Clarion loam-7" or over 67 100 1 
Shallow phase-under 7" 51 75 5 
Clarion fine sandy loam-7" + 54 80 5 
Shallow phase-under 7" 39 GO not given 
Webster loam 70 105 1--5 
Webster silty clay loam 76 115 1-8 
• These corn yield ratings are apprOXlmate and are based entirely and only on the 
yield data collected in t he years indicated. For the Tama area, the average yield of 
Tama silt loam. 7" or more of surface soil, was given a rating of 100 ; other soil~ 
were compared with this as the base. In the Story area, the Clarion loam with 7" 
or more oi top soil was chosen as the base. 
•• Taken from Soils of Iowa, Iowa Agr. Exp. Sta., Spec. Rep. No.3 :246 and foIlow· 
ing. Where more than one rating i s given. as with the Webster soils, the range indi-
cates a variation in drainage conditions. These ratings, it should be emphasized, re-
present the inherent productivity of the types as they occur in either the Tama or 
t he Story areas. 
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APPENDIX 
TAMA SERIES 
The soils of the Tama series ane dark brown to black and the 
subsoils are light yellow to yellowish-brown. The structure is loose 
and friable. The substratum is a bright yellowish-brown to yellow 
compact silty clay loam to silty clay mottled with gray, yellow, brown 
and rusty-brown. The topography varies from gently to sharply roll-
ing. The series is derived from loess from which the lime has been 
leached from the upper layers. It differs from the Marshall soils in 
the lighter color of the subsoil. 
The silt loam, fine sandy loam, loamy fine sand, sand, and the 
shallow phase, rolling phase and light colored phase of the silt loam 
are the types of the series mapped in Iowa. 
TAMA SILT LOAM 
The Tama silt loam is one of the most extensively developed of 
the upland soils in the state. It is of lo,essial origin and is found in 
extensive areas throughout the Mississippi loess soil area. 
The surface soil of the type, to an average depth of 13 inches, is a 
dark grayish-br.own to dark brown friable silt loam. The lower surface 
layer to a depth of 18 inches is a brown to dark brown heavy silt 
loam. The soil varies in depth from 6 to 20 inches in the different 
areas. The color of the soil varies . to very dark grayish-brown to 
black, and the texture may vary to a heavy silt loam to silty clay 
loam. The depth of the soil and the co,lor are directly related to the 
topography. The surface soil along the base of slopes and along inter-
mittent drainageways is darker than typical, and there are mottlings 
of brown and yellow in the subsoil. Some fiat areas which are poorly 
drained show a darker and deeper soil and a mottled subsoil. On the 
rolling uplands the surface soil may be quite thin, especially where 
erosion has occurred to an excessive extent, and the color will be 
much lighter, sometimes becoming a distinct yellow where the surface 
soil is the thinnest. The soil is light brown to grayish-brown where 
it adjoins the Fayette soils, and darker and shows more subsoil mot-
tling where it is adjacent to the Muscatine soils. Some small areas of 
the loam and fine sandy loam are included with the type owing to 
their small extent. 
The subsurface soil, to a depth of 23 inches, is a yellowish-brown 
to light brown silu loam. The color varies to dark brown, brown and 
brownish-yellow, and the texture may vary to a heavy silt loam, light 
silty clay loam, clay loam or even a silty clay. It is often mottled 
with gray and iron stains. 
The subsoil, to a depth of 36 inches on the average, is a yellowish-
brown to brown friable silty clay loam. It varies in color to dark 
brown, grayish-yellow, yellow, brownish-yellow or dark gray, and it 
is mottled in some cases with gray, y,ellow, brown and iron stains. 
The texture may vary to a heavy silt loam, gritty sandy loam, clay 
loam and clay. Some iron stains and concretions occur in the subsoil. 
Occasionally some drift material is found in the lower part of the 
3-foot section. Areas of coarse stony sandy clay on sloping areas and 
ridge tops are sometimes included. In topography the type is undu-
lating to gently sloping or rolling, In some cases it is strongly rolling. 
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WABASH SERIES 
The Wabash series includes suils of dark brown to black color 
with high organic matter content and dark drab to gray heavy sub-
soils. The substratum is a light gray silty clay to clay mottled with 
yellowish-brown and rusty-brown. There is no lime in the soil or 
subsoil. The series is develoJX)d in the first bottomlands along streams, 
the material being derived principally from the loessial and silty 
glacial soils. They ar,e subject to ·overflow, but natural drainage is well 
established in some areas. 
The loam, silt loam, silty clay loam, clay loam, silty clay, loam, 
sandy loam, fine sandy loam, very fine sandy loam, colluvial phase, 
gray subsoil phase and heavy phase of the silt loam and colluvial 
phase of the stony silt loam are the types of the series mapped in 
Towa . 
WAUKESHA SERTES 
The soils of the Waukesha series are characterized by dark brown 
to black surface soils underlaid by brown to yellow subsoils. The sub-
soils are heavier than the surface soils in texture but are not compact 
and impervious. The substratum is a yellowish-brown to yellow silty 
clay mottled with gray and iron stains. The soils are not calcareous 
in the lower layers. They occur on terraces well above overflow and 
are well drained. 
MUSCATINE SERIES 
The soils of the Muscatine series are dark br:own to blaek, over-
lying light brownish-gray grayish-brown to yellowish-brown and gray 
mottled friable upp.er subsoils. The latter have usually more gray than 
the deeper subsoils and are not distinctly mottled. At 18 to 24 inches 
the subsoil becomes slightly more compact. This compaetness increases 
gradually downward to 3 feet and deeper, or in some cases the lower 
6 inches may be somewhat looser in structure than the layer immedi-
ately above. With increase in compaetness, mottling begins to appeal', 
the colors being brown to yellowish-brown and gray though the mot-
tling is strong only in rare cases. The subsoil is only moderately fri-
able. Iron concretions rarely, if eveI(, occur. The substratum is a pale 
yellowish-brown silty clay highly mottled with gray and brown and 
rusty-brown iron stains. These soils occupy only level to smooth rolling 
upland, originally in an open prairie condition. 
The silt loam and the silty clay loam are the only types of the 
series mapped in Iowa. 
CLARION SERIES 
The C1arion soils are characterized by dark brown to black sur-
face soils, and the subsoils are yellowish-brown in the upper part, be-
coming lighter at the lower depths and quite gray in the lowest depths. 
The lower subsoil is often lighter in texture, more silty and friable 
than the upp.er layers. The subsoil is highly calcareous, and there may 
be considerable lime in the upper soil layers. The substratum Is a 
~rayish-yellow or yellow sandy clay or clay loam mottled with gray, 
yellow and rusty-brown to a depth of about 48 inches, and the lower 
substratum is a light yellow or gray sandy clay loam mottled with 
brown and rusty-brown. The soils are of Wisconsin drift origin anel 
have been modified little by weat.hering and leaching. The surfact soil 
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has a darker color than the typical Carrington soils and the lower sub-
soil is more of a gray and high in lime, while the Carrington sub-
soils do not contain lime. Gravel and boulders occur on the surface 
soil and often throughout the soil section. The type has good natural 
drainage. It has a high productivity rating, and under good systems 
of soil management can be depended upon for satisfactory crops. 
The types of the series mapped in Iowa include the loam, the silt 
loam, the sandy loam, the fine sandy loam, the fine sand, the rolling 
phase, steep phase, shallow phase and gravelly subsoil phase of the 
loam, and the steep phase of the fine loam. 
DICKINSON SERIES 
The surface soils of the series are dark brown to almost black. 
They al'e underlaid by brown or yellowish-brown mat.erials which are 
heavier in texture as a rule than the surl'ace soils and have a sandy 
loam or sandy clay texture. B.elow depths ranging from 18 to 30 
inches, a brown or yellowish-brown loose sandy loam or sand, con-
taining some gravel, is encountered. Considerable variation may occur 
in the lower subsoils, but they are usually sandier than the surface 
soils and have a loos,e, porous and somewhat drouthy character. The 
subsoils are not usually calcm;eous. The substratum is a yellow gTavel-
ly sand. The series is developed by weathering from a sandy material, 
presumably glacial drift. The series differs from the Shelby in the 
looser sandier character of the lower subsoils and from the Pierce 
soils in the lower lime content. 
WEBSTER SERIES 
The soils of the Webster series ar,e black, and the subsoils gray 
or mottled gray and brown. The subsoils are heavy in texture, ranging 
from silty clay loams to clays. The subsoils are calcareous and effer-
vesce with acid. The substratum is a gray gritty silty clay highly 
mottled with yellow, rusty-broWn, lime and iron stains to a depth of 
42 inches, and the lower substratum is a light gray or pale yellow 
silty clay streaked with lime, yellowish-brown and rusty-brown. The 
series occurs on nearly level to undulating drift plains where no 
erosion has occurred. The soils have been formed by the weathering, 
in position, of drift under poor drainage conditions. 
